We developed a questionnaire to assess patient-reported outcome after surgery of the elbow from interviews with patients. Initially, 17 possible items with five response options were included. A prospective study of 104 patients (107 elbow operations) was carried out to analyse the underlying factor structure, dimensionality, internal and test-retest reliability, construct validity and responsiveness of the questionnaire items. This was compared with the Mayo Elbow performance score clinical scale, the Disabilities of the Arm, Shoulder and Hand questionnaire, and the Short-Form (SF-36) General Health Survey. In total, five questions were considered inappropriate, which resulted in the final 12-item questionnaire, which has been referred to as the Oxford elbow score. This comprises three unidimensional domains, 'elbow function', 'pain' and 'social-psychological'; with each domain comprising four items with good measurement properties.
The prevalence of symptomatic elbow conditions in the population of the United Kingdom is estimated to be approximately 8% both for men and women, with approximately 40% consulting a health-care professional about their problem. 1 It is not known how many of these proceed to surgery. The most common elective orthopaedic elbow operations include arthroscopy, nerve decompression, release for tendonitis, procedures to correct instability, excision of the radial head and joint replacement. Rheumatoid arthritis (RA) is the single most common disorder responsible for many of these interventions; rheumatoid patients are increasingly treated by joint replacement. 2, 3 The lack of an appropriate standardised method of outcome assessment has led to inadequate evaluation of many elbow operations; 4 particularly lacking are patient-focused measures. 2 Well-developed patient-reported outcome measures provide an objective measure of a subjective construct 5 and, being independent of the surgical team, minimise the risk of bias. 6 It has been shown that assessments of health status made by health-care professionals can differ from those made by the patient, 7 whose perspective might be expected to match their degree of satisfaction with a given treatment more closely than an objective measure.
A number of patient-reported outcome measures are now widely used to assess the results of orthopaedic operations. These include the Oxford hip, 8 knee 9 and shoulder 10, 11 scores. However, only a limited number of questionnaires have been produced to measure a patients' subjective experience of elbow surgery, and these have either not been specific to the elbow, 12 have been developed without patients' input thereby tending to represent the clinician's perspective, 13 or, where they have involved patients' input, have not included preand post-operative assessments. 14 This paper describes the development and assessment of a short questionnaire intended for use as an outcome measure of elbow surgery. The measure was modified and tested on a prospective series of patients undergoing elbow surgery. We report the stages of development, item selection and reduction, and assessment of the baseline measurement properties, as well as the responsiveness of what is now called the Oxford elbow score.
Patients and Methods
Approval was obtained from the local ethics committee and all patients consented to participate in the study. Development of the instrument. An initial series of exploratory 30-minute interviews was conducted by a research officer (IB) with 18 patients attending orthopaedic clinics for problems with their elbow, including six who had already undergone surgery. The interviews were semi-structured and used prompts regarding patients' perceived problems, such as pain, elbow movement, effects on employment/domestic work, social life (including sports activities), in addition to a general exploration of their feelings about their elbow problem. Interviews continued with additional patients until no new common themes emerged.
From these interviews a questionnaire, initially containing 21 potential items, was drafted and piloted in 21 new patients. These patients were also asked to comment at the end of the questionnaire on any elbow-related problems not addressed by the questionnaire. The resulting modifications reduced the number of potential items to 17, with five response options per item. This was piloted on a further 20 patients and did not require further modification.
A study was then conducted to examine whether the new questionnaire had the properties necessary for a health status instrument by being internally consistent, reproducible, valid and sensitive to clinical change. Internal consistency examines whether items of an instrument measure a single underlying concept. Reproducibility determines whether an instrument yields the same results on repeated trials under the same conditions. Validity assesses whether an instrument measures what it purports to measure, and can be examined in a number of ways. Construct validity is assessed by quantitatively examining the relationships of a construct, such as functional impairment of the elbow, to see whether the instrument produces a set of relationships with other variables that might be expected (for example clinical evidence or other health status instruments). Sensitivity to change, which is also referred to as responsiveness, reflects an instrument's ability to detect clinically significant changes over time; a particularly important property for an outcome measure.
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Study to test the questionnaire. Between March 2004 and October 2006 we recruited 104 consecutive patients (107 elbows), who were due to have an operation on their elbow within two weeks at the Nuffield Orthopaedic Centre, Oxford. They completed a variety of assessments preoperatively, and again in the outpatient clinic six months later.
The sample size for development of a questionnaire is typically based on the assumption that the number of respondents should exceed the number of items in the questionnaire by at least a factor of three. 16 So, with 21 potential items, a sample size of 100 was considered sufficient. Patient-reported assessments. Patients completed a general questionnaire while attending the pre-admission clinic. This provided demographic information about age, gender, and highest qualification (none, some qualifications/no degree, degree or higher).
Next, they completed the new elbow questionnaire (containing 17 items at this stage) for each elbow receiving treatment. Each item scored 0 to 4, with lower scores denoting greater severity. They also completed the Disabilities of the Arm, Shoulder and Hand (DASH) outcome measure disability/symptom scale. 12 This is a 30-item, selfreporting questionnaire designed to measure physical function and symptoms in people with any of several musculoskeletal disorders of the upper limb. Items are scored between 1 and 5, with higher scores indicating greater severity.
Finally, patients were asked to complete the Short-Form (SF)-36 general health questionnaire version II. 17, 18 This contains 36 items and is widely used as a generic health status instrument. It provides scores on eight dimensions: physical functioning, social functioning, role limitations due to physical problems, role limitations due to emotional problems, mental health, energy/vitality, bodily pain and general health perceptions over the previous four weeks. Scores for each dimension range between 0 (poor health) and 100 (good health). An extra item addresses health change during the last 12 months. Summary scores can be calculated from the eight dimensions to represent limitations related to physical (physical component summary) and mental (mental component summary) factors, 19 which are standardised to general population scales with a mean of 50 ( SD 10). At the end of the pre-operative assessment, patients were given a second copy of the Oxford elbow score questionnaire with a prepaid return envelope and asked to complete it again, 48 hours later. Clinical assessment. An upper limb surgeon (CL, JR, AJC) completed a clinical examination using the standard Mayo elbow performance score. 20 In this scale, pain, movement, stability and function account for 45%, 20%, 10% and 25% of the overall score, respectively, with low scores representing greater severity. The surgeon was blinded to patients' responses to the other health status instruments.
The same assessments were repeated in an outpatient clinic six months after surgery. Statistical methods. Data were analysed using SPSS version 14 (SPSS Inc., Chicago, Illinois). Non-parametric tests were used in the analysis where data were not normally distributed. To make comparison with the general population easier, the SF-36 scores were adjusted for age and gender. Data are presented using the mean and SD , median and range, or n (%), as appropriate.
To examine the dimensionality of the Oxford elbow score, and the functioning and fit of individual items, we used a Rasch unidimensional measurement model in RUMM2010 21, 22 (RUMM Laboratory Pty Ltd., Duncraig, Australia). The significance level for all analyses was twosided p < 0.05. Item exclusion. Items were excluded from the list of potential questionnaire items on the basis of two predetermined criteria. First, if in terms of their response distribution, they showed particularly high ceiling or floor effects, where at least 50% of responses to an item took either of the two most extreme response categories, and secondly, if on fitting to a Rasch unidimensional model to any identified domains, they showed a particularly poor fit to the model. Items were also considered for revision or exclusion if, dur-ing factor analysis, they correlated > 0.40 on more than one factor, indicating that an item was not unique to one factor ('cross loaded'). Factor structure. Exploratory factor analysis with principal components extractions and varimax rotation was undertaken to group variables into uncorrelated factors, or components, on the basis of their correlation matrix, without pre-defining any particular questionnaire structure, and retaining all the variability in each item. 23 Factors were extracted if their eigenvalue was > 1. An eigenvalue indicates the relative proportion of total variance explained by the factor. A value > 1 is a criterion 24 which is commonlyused to determine how many factors are present, indicating a factor that extracts at least as much variance as the equivalent of one original variable. 23 Domain scores of the resulting factors were calculated as the sum of the component item scores. Individual item functioning. The Oxford elbow score and its component dimensions were assessed using the one-parameter Rasch model. 25, 26 The Rasch model is equivalent to a test of the theoretical construct validity and adequacy of a scale. 27 It assumes that as a person's disability or symptoms increase, the probability of a maximum score on the item increases. The Rasch model assesses the unidimensionality of items in a scale. Whereas a composite score obtained from all items in the questionnaire was thought unlikely to fit a unidimensional model, any domains identified by factor analysis were expected to fit such a model and thus to confirm the structure of the Oxford elbow score. Internal consistency. Cronbach's α coefficients were calculated to assess the internal consistency of the questionnaire domains. Values of α in the range 0.80 to 0.90 are considered optimal, 28 with a minimum α of 0.70 necessary to claim internal consistency. 29, 30 Test-retest reliability (repeatability) was assessed with intraclass correlation coefficients comparing Oxford elbow score domain scores obtained at patients' preoperative assessment with measures completed at home 48 hours later and returned for analysis. Convergent validity. An a priori hypothesis was that at least a moderate correlation would be obtained between the new elbow measure, the Mayo elbow performance score clinical assessment and the DASH, each of which purport to measure something similar. It was considered likely that SF-36 domains would be less highly correlated with the new measure. To test the convergent validity of the Oxford elbow score, Spearman's correlation coefficients between any individual domain scores that emerged (i.e. pain) and similar domain scores of the DASH, SF-36 and the Mayo elbow performance score clinical scale was performed. Similar domains from different instruments were expected to be highly correlated (r > 0.5) with each other. Divergent validity. It was considered likely that SF-36 domains would be less highly correlated with the new measure. Again using Spearman's correlation, Oxford elbow score domain scores and dissimilar individual domain scores on the SF-36 were examined. The Oxford elbow score pain domain would not be expected to be highly correlated with the SF-36 mental health, and general health perception domains.
Responsiveness was assessed in the patients who underwent surgery and who provided relevant outcome data at both pre-and post-operative assessments. Mean preoperative and six-month post-operative scores, change scores and effect sizes between Oxford elbow score, DASH, Mayo elbow performance score clinical scale and SF-36 domains were compared. Change scores were calculated as the pre-operative score minus the post-operative score for each instrument. Effect size is a method of calculating the extent of change measured by an instrument in a standardised way that allows comparison between instruments. 31 Here, it was calculated as the difference between the sample's mean pre-and post-operative scores, divided by the SD of the pre-operative score. An effect size of 1.0 is equivalent to a change of one SD in the sample. Effect sizes of 0.2, 0.5 and 0.8 are typically regarded as indicating small, medium and large degrees of change, respectively.
We hypothesised that at least moderate effect sizes ( ≥ 0.5) would be obtained between the elbow or upperlimb-specific measures, and relevant domains of the SF-36 (i.e. pain and physical functioning), and that the elbowspecific measures would be the most responsive.
Results
Study sample and characteristics. Of the 107 elbows in 104 patients, 62 (58%) were right elbows for which surgery was intended. The mean age of the patients at the time of questionnaire was 47.03 years ( SD 15.14, median 47, 18 to 81). A total of 59 patients (57%) were male, 51 (49%) were in full-time paid employment, nine (9%) were part-time employed, and 22 (21%) were retired. The remaining 22 patients (21%) were either students, unemployed or a homemaker/carer. The diagnosis affecting the elbows was primary osteoarthritis (OA) in ten (9%), secondary OA in 23 (22%), RA in 24 (23%), post-traumatic stiffness in 12 (11%), epicondylitis in 12 (11%), and other conditions in 26 (24%) patients.
Two of the original 107 planned elbow operations were cancelled, one required revision and two others were postponed beyond the study period. Of the remaining 102 patients, 62 (61%) attended an outpatient appointment and were fully assessed six months after surgery. A further 13 (13%) completed their follow-up assessment with questionnaires only, which they returned by post. Therefore, in total, 75 elbows (74%) received at least one form of follow-up assessment. Of the remaining 27 (26%) either the patient did not attend their six-month follow-up appointment, or did not respond to the follow-up postal questionnaire or the reminder that followed. The characteristics of those who did and did not complete a follow-up assessment were compared, but no significant differences were found in relation to age ( t = 1.43, p = 0.16), employment status ( χ 2 2.76, p = 0.43) or having a diagnosis of RA (against any other diagnosis) ( χ 2 0.009, p = 0.92). However, females were more likely to respond than males (females 38 of 44, 86%; males 37 of 58, 64%; χ (Table I ), 8 and showed that patients in the study had significantly lower (poorer) scores in all domains except mental health.
Item response distribution: potential Oxford elbow score items. The Oxford elbow score was completed preoperatively for 106 elbows. The data was incomplete for one elbow. Two of the 17 potential items showed a particularly strong floor effect, with 70 (66%) and 60 (57%) cases, respectively, giving the response 'No, not at all' to items concerned with 'difficulty using the lavatory' and 'trouble with transport'. Consequently, these two items were excluded.
Initial assessment of dimensionality and factor structure of the Oxford elbow score.
Dimensionality. The remaining 15 items were found not to fit a unidimensional model on Rasch analysis. Factor structure. An exploratory factor analysis of the remaining 15 items extracted three factors with an eigenvalue > 1, explaining 69.1% of the variance. However, one item, 'turning a key in a lock', cross-loaded on two factors and a number of patients observed that they could use their unaffected arm for this task. This latter consideration also applied to another item, 'using a telephone/mobile telephone', which on further preliminary Rasch analysis had disordered response categories. In addition, the item 'being in low spirits' had disordered response categories. Accordingly, all three of these items were removed leaving 12 items in the questionnaire.
The Oxford elbow score 12-item questionnaire (final version, Table II).
Completion rates. The research officer (IB) checked questionnaire responses and occasionally assisted patients at the pre-operative stage, so completion rates were analysed at the follow-up stage, including the 13 (13%) postal responses. The response rate for each of the 12 individual items was 100%. Factor structure. Factor analysis of the remaining 12 items produced three components with an eigenvalue < 1.0, which explained 75.1% of the variance. The loadings on these three components are shown in Table III . Component 1, comprising four items, measures the level of elbow pain ('pain domain'). Component 2, comprising four items, measures perceived functional impairment related to the elbow ('elbow function domain'). Component 3, comprising four items, includes two activities concerned with participation (limitations to work, leisure and everyday activities) and two items about psychological aspects of the condition (elbow problem 'on your mind' or 'controlling your life') ('social-psychological domain'). Dimensionality. Application of a unidimensional Rasch model confirmed that the 12-item Oxford elbow score questionnaire was not unidimensional. However, each of the three domains identified by factor analysis was found to be unidimensional.
Scores for each domain are calculated as the sum of each individual item score and in each case, expressed on a scale of 0 to 100 1 (lower score representing greater severity) using the following formula: Conversion to metric score: 100 × Actual score Maximum possible domain score
Descriptive statistics from the three domains (scored prior to 106 operations) were: elbow function comprising four items: mean 58.7 ( SD 26.2), median 62.5 (0 to 100), pain domain comprising four items: mean 45.0 ( SD 25.1), median 37.5 (0 to 100), social-psychological domain comprising four items: mean 43.7( SD 25.5), median 43.8 (0 to 100). Internal reliability (consistency). The Cronbach's α coefficients for the three Oxford elbow score domains were pain 0.89, elbow function 0.90, social-psychological 0.84, and following deletion of each item the coefficients revealed that no one item had a particularly large effect on the reliability of each domain.Thus each factor had a high level of internal reliability and none exceeded 0.90, which would indicate item redundancy.
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Test-retest reliability (repeatability). A total of 52 patients provided repeat measures of the Oxford elbow score preoperative measurements. The intraclass correlation coefficient comparing these with measures of the Oxford elbow score scales obtained at least 48 hours earlier were pain 0.98, elbow function 0.89 and social-psychological 0.87 (all statistically significant p < 0.001).
Convergent and divergent validity. The correlations applying Spearman's ρ between the Oxford elbow score domains, the Mayo elbow performance score clinical scale, the DASH and SF-36 scores are shown in Table IV . All of these were positive, except in relation to the DASH (which is scored in an opposite direction to the other scales), demonstrating that the lower the Oxford elbow scores, (indicating worse elbow problems), the poorer were the Mayo elbow performance score clinical scale, DASH and SF-36 scores. The convergent validity of the Oxford elbow score was demonstrated by high correlations between the Mayo elbow performance score clinical scale, the DASH and all three Oxford elbow score domains, with one exception: the Oxford elbow score social-psychological scale was only moderately correlated with the Mayo elbow performance score (Table IV) . The Oxford elbow score elbow function domain was strongly associated with the SF-36 physical functioning, role physical, social functioning, pain and energy/vitality domains, and with the SF-36 physical component summary score. The Oxford elbow score pain domain was most strongly related to the SF-36 pain and role physical domains, and to the physical component summary score. The Oxford elbow score social-psychological domain was most strongly related to the SF-36 role physical and social functioning domains and to the physical component summary score. Table II for precise wording of items Divergent validity of the Oxford elbow score was shown by the moderately low correlations between all three Oxford elbow score domains and the SF-36 mental health and general health perception domains. Responsiveness. The mean pre-operative and 12-month postoperative scores, change scores and effect sizes of the Oxford elbow score, Mayo elbow performance score, DASH and SF-36 domains for patients with scores at both assessments are presented in Table V . It can be seen that each of the elbow and upper-limb-specific assessments and two of the SF-36 domains (pain and role physical) exhibited highly statistically significant improvements in scores at 12 months post-operatively. Effect sizes for the pain and social-psychological scales of the Oxford elbow score and the Mayo elbow performance score clinical scale were both > 1.0, indicating a very large degree of improvement. The Oxford elbow score elbow function scale and the DASH showed effect sizes of 0.84 and -0.74, respectively, still indicating substantial improvement. Conversely the generic scales of the SF-36 had lower effect sizes than the elbow or upper-limb-specific measures, indicating that these condition-specific scales were more responsive in this context. The two most responsive of the generic SF-36 domains, pain and role physical, only registered moderate effect sizes.
Discussion
The 12-item Oxford elbow score questionnaire developed in this study addresses themes identified from interviews conducted with patients with various elbow problems who were about to undergo operative treatment. The resulting questionnaire was tested prospectively on surgical patients using accepted methods. 23, [32] [33] [34] Having excluded five items that were unreliable the final 12-item version of the questionnaire appeared acceptable to patients, all of whom completed the questionnaire preoperatively and 73% of patients (74% of elbows) after the 12 months follow-up. Although the final 12-item questionnaire was not unidimensional, and hence not suitable for the calculation of an overall score, factor analysis found three subscales (or domains) that underlay the 12 items representing pain, elbow function, and a social-psychological domain, and were internally consistent, unidimensional, and had no item redundancy.
The assessment of convergent and divergent validity showed that the new questionnaire performed well in this regard. The Oxford elbow score elbow function and pain domains correlated highly with the Mayo elbow performance scale clinical scale and the DASH, as well as with relevant domains of the generic SF-36. These correlations were in the directions that we had anticipated. Correlations between the Oxford elbow score social-psychological domain and the DASH, as well as with the relevant domains of the SF-36, were also high, but the correlation with the Mayo elbow performance score was barely moderate. This latter finding was unsurprising, as the Oxford * the number of cases with complete data provided at both pre-and post-operative assessments to permit the evaluation of scales and hence change in pain, function, overall health-related quality of life † the positive/negative direction of the sign relates to the direction in which each scale is scored to denote increasing severity, is irrelevant to the size of the effect ‡ paired t-tests § calculated as mean change/SD of pre-operative score elbow score places some emphasis on patients' opinions in relation to elbow problems dominating their lives, which may well not mirror the more objective perspective assessed by the Mayo elbow performance score.
Responsiveness is considered to be a particularly important property of a health outcome measure. 28 Tested in the context of patients undergoing elbow surgery, the Oxford elbow score was also demonstrated to be highly responsive. Each domain showed a large effect size, indicating a very large degree of improvement post-operatively. This was also the case for the upper-limb DASH scale, whereas the SF-36 was much less responsive to changes following surgery.
The results of this study demonstrate that the newlydeveloped Oxford elbow score is reliable, valid and acceptable to patients, with a high rate of completion. It is a useful method of assessing the outcome of elbow surgery from the patient's perspective.
Supplementary Material
Tables showing the development of the Oxford elbow score and Rasch analysis are available with the electronic version of this article at www.jbjs.org.uk
